Specifications TableSubjectMaterials Science, EngineeringSpecific subject areaElectrospinning, Tensile properties, Fracture properties, Fibrous materialsType of dataTable and figureHow data were acquired•Scanning electron microscope (SEM, Hitachi)•Digital calipers (Facom, France)•Universal testing machine (Lloyd Instruments Ltd, UK)•ImageJ (NIH, Bethesda, MD, USA)•MATLAB (Version 2017, MathWorks, Natick, MA, USA)•Abaqus (Version 2017, SIMULIA, Providence, RI, USA)Data formatRaw and analyzedParameters for data collectionThe morphology of individual layers of graded scaffolds was visualized after each layer was completely spun.Description of data collectionFor fiber diameter and pore size determination, measurements were taken via ImageJ of ten individual fibers and pores in each SEM micrograph, and the average measurements were used.\
For thickness determination, four to six test samples were used. Three different points of each test sample were measured.\
For uniaxial and fracture tests, four to six test samples were used for each test.Data source locationUniversity Tun Hussein Onn Malaysia, Parit Raja, Malaysia.Data accessibilityData are available with this articleRelated research articleWeily Khoo, She Man Chung, Shing Chee Lim, Cheng Yee Low, Jenna M. Shapiro and Ching Theng Koh, "Fracture Behavior of Multilayer Fibrous Scaffolds Featuring Microstructural Gradients", Materials & Design, Under Review \[[@bib1]\].**Value of the Data**•Multilayer fibrous structures with microstructural gradients have many potential uses in a variety of applications, including filtration and tissue engineering.•Microstructural characteristics and mechanical performance of homogeneous and graded scaffolds are presented. These data could benefit researchers in material science, mechanical engineering and tissue engineering.•The data presented give insights in determining an appropriate number of layers for desired fracture behavior when designing multilayer fibrous scaffolds with microstructural gradients in fiber density and fiber alignment.

1. Data {#sec1}
=======

The microstructural properties of homogeneous and graded electrospun scaffolds are tabulated in [Table 1](#tbl1){ref-type="table"} (fiber diameter) and [Table 2](#tbl2){ref-type="table"} (pore size). Thickness measurements of homogeneous and graded electrospun scaffolds are listed in [Table 3](#tbl3){ref-type="table"}. The stress-strain curves of all electrospun scaffolds are plotted in [Fig. 1](#fig1){ref-type="fig"} (uniaxial tensile test) and [Fig. 2](#fig2){ref-type="fig"} (fracture test). In order to study the effect of layering on fracture properties of graded fibrous networks, computational analyses were performed. Fibrous networks featuring density and alignment gradients were modeled with up to five layers ([Table 4](#tbl4){ref-type="table"}). The effect of number of layers on stress intensity factor is presented in [Fig. 3](#fig3){ref-type="fig"}.Table 1Fiber diameter measurement on homogeneous and graded electrospun scaffolds.Table 1Homogeneous scaffoldsGraded scaffoldsDHMHSHBottom layerMiddle layerTop layer**Fiber diameter (nm)**208504779255316717197357863238387662228423711226287667217562663228408730174450578202436667219369782244496666200417909233371663191493806188398629210442586204385765208344713253454620**Average**205436739227394679**Standard deviation**1570110236245Table 2Pore size measurement of homogeneous and graded electrospun scaffolds.Table 2Homogeneous scaffoldsGraded scaffoldsDHMHSHBottom layerMiddle layerTop layer**Pore size (μm**^**2**^**)**0.7552.6045.0841.2603.5364.2431.3421.72810.1901.1933.1033.4470.7151.9257.3901.4072.2713.3090.5572.5706.4850.9243.9312.8840.3953.3224.9601.0591.3228.3470.6413.6153.8720.6452.4682.8640.7506.4346.1351.5501.0463.5080.7572.3734.9991.1701.7107.0371.0562.60615.8581.3262.0666.4620.4641.8759.0270.8374.5267.193**Average**0.7432.9057.4001.1372.5984.929**Standard deviation**0.2791.3793.5580.2751.1482.091Table 3Thickness of homogeneous and graded electrospun scaffolds.Table 3Type of scaffoldsThickness (mm)Reading 1Reading 2Reading 3Average**SH scaffolds**0.170.290.340.270.340.330.300.320.170.280.300.250.290.300.290.290.170.250.310.240.360.320.320.330.100.090.100.100.080.070.080.080.080.080.090.080.070.070.060.070.080.090.090.09**MH scaffolds**0.080.110.100.100.190.200.190.190.220.240.220.230.20.220.250.220.120.160.170.150.130.160.180.160.070.070.070.070.140.160.150.150.140.160.190.160.100.090.040.080.070.090.120.09**DH scaffolds**0.160.190.200.180.210.210.190.200.170.180.180.180.180.190.200.190.180.210.230.210.130.140.150.140.100.110.120.110.100.090.090.090.150.130.090.12**Graded scaffolds**0.610.610.620.610.700.670.700.690.540.550.610.570.340.300.300.310.410.420.440.420.410.430.440.430.700.690.680.690.690.720.700.700.620.660.620.630.480.500.550.510.400.440.440.43Fig. 1Stress-strain curves of homogeneous and graded electrospun scaffolds obtained via uniaxial tensile test.Fig. 1Fig. 2Stress-strain curves of homogeneous and graded electrospun scaffolds obtained via fracture test.Fig. 2Table 4Network parameters of DAG networks constructed with various number of layers.Table 4Number of Layer, *n*Fiber Density, *ρ*~*f\ (1st\ layer)*~ (μm^−1^)Density Gradient, G (%)Fiber Alignment, *Ø* (°)Model Size, *r* (*μ*m)136.3 ± 0.50905267.5 ± 1.352 ± 215, 905368.3 ± 1.629 ± 215, 52.5, 905468.1 ± 1.519 ± 315, 52.5, 65, 905568.7 ± 0.716 ± 215, 33.75, 52.5, 71.25, 905Fig. 3Stress intensity factor for DAG networks with varying numbers of layers corresponding to different levels of network density gradients and fiber alignment gradients.Fig. 3

For further interpretation and discussion on the experimental dataset, readers are encouraged to refer the research article \[[@bib1]\].

2. Experimental design, materials, and methods {#sec2}
==============================================

2.1. Preparation of homogeneous and graded electrospun scaffolds {#sec2.1}
----------------------------------------------------------------

Fish skin gelatin (Sigma Aldrich, USA) and glacial acetic acid (Merck, Germany) were used in preparing a 25 wt % gelatin solution in a mixture of 90 wt % glacial acetic acid and 10 wt % water. Homogeneous and graded scaffolds were produced with a bespoke electrospinning set-up. Detailed preparation of electrospun scaffolds has been reported in the corresponding research article \[[@bib1]\].

2.2. Morphology observation and quantification {#sec2.2}
----------------------------------------------

Morphology of electrospun scaffolds were visualized using scanning electron microscope (SEM, Hitachi) at an accelerating voltage of 10 kV. Prior to SEM observation, each scaffold was cut into 10 mm × 10 mm squares and gold coated. SEM images were captured at magnification ×6000.

ImageJ (NIH, Bethesda, MD, USA) was used to measure fiber diameter and pore size of scaffolds. The average fiber diameters and pore sizes were determined by measuring and averaging the diameters of ten randomly chosen fibers and pore sizes respectively from one SEM image for each type of scaffolds. Individual fiber diameter and pore size measurements of homogeneous and graded electrospun scaffolds are shown in [Table 1](#tbl1){ref-type="table"}, [Table 2](#tbl2){ref-type="table"}, respectively.

2.3. Mechanical testing {#sec2.3}
-----------------------

Uniaxial tensile and fracture tests were performed on homogeneous and graded scaffolds. All mechanical test samples were cut to rectangles 24 mm in width and 3 mm in height. For fracture test samples, an 8 mm notch was introduced perpendicular to loading direction. Thickness of each test sample was measured at three separate points (center and both ends) using digital calipers (Facom, France). All measurements were averaged to determine mean thickness. The thickness data are tabulated in [Table 3](#tbl3){ref-type="table"}.

All the samples were gripped along their width and extended at a rate of 3mm/min until failure. Stress-strain responses of homogeneous and graded scaffolds are presented in [Fig. 1](#fig1){ref-type="fig"} (uniaxial tensile) and [Fig. 2](#fig2){ref-type="fig"} (fracture test). For each mechanical test, four to six test samples were used.

2.4. Computational analysis {#sec2.4}
---------------------------

### 2.4.1. Finite element modeling {#sec2.4.1}

Fibrous networks composed of density and alignment gradients (DAG) were generated using MATLAB (Version 2017, MathWorks, Natick, MA, USA). [Table 4](#tbl4){ref-type="table"} listed the parameters used to generate DAG networks consisting of up to five layers. The networks were then imported into finite element software, Abaqus (Version 2017, SIMULIA, Providence, RI, USA) for modeling. Fibers were modeled with Timoshenko beam (B31) and were analyzed using nonlinear finite element analysis, which considers large strain and rotation. All fibers were defined with diameter *Ø* of 300 nm, Young\'s modulus, *E*, of 100 MPa and fracture strength, *σ*~*f*~, of 30 ± 4 MPa.
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